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Summary ofDiscussions
Answering questions by N. Bank and F.H. Epstein, J.-P. Guignardstated that the
increase in sodium excretion (?) with bicarbonateexcretionfollowingclampingofthe
contralateral renalpedicle in dogs could not be ascribed to an increase in extracellu-
lar volume because, in his experiments, extracellular volume was kept constant by
adapting the infusion rates to the urineflow observed in theprecedingfew minutes.
Compensatory adaptation ofsodium and water excretion occurs, albeit to a small
extent, even in non-expanded "non-diuretic" animals (G. Peters). In Guignard's
experiments with NaHCO3 infuseddogs, compensatory adaptation was not complete
within 70 minutes after exclusion ofthe contralateral kidney, i.e., the excretion rates
from the remaining kidney were notfully doubled (answer to N. Bank).
Thefact that renal denervation did notprevent compensatory adaptation, in dogs
or in rabbits, shows that compensatory adaptation cannot be due to a kind of
functional denervation ofthe remaining kidney andfurthersuggests that denervation
diuresis is due to a mechanism differentfrom that responsiblefor adaptive diuresis
(J.-P. Guignard to S. Carriere).
Cardiac output, pulse rate and central venous pressure were not measured in
Guignard's, Dirks' or Diezi's experiments. It was suggested by S. Bradley that
circulatory changes could be more important in inducing compensatory adaptation
than was apparentfrom the datapresented, sinceprimary changes ofbloodpressure
could be damped by a simultaneousfall ofcardiac output.
Answering a question by G. Giebisch, J.-P. Guignard stated that he observed no
compensatory adaptation for hydrogen ion secretion after contralateral kidney
exclusion in rabbits made acidotic by infusing ammonium chloride or acid phos-
phate: the remaining kidney was unable to further decrease urine pH or increase
titratable acidity or ammonium excretion. Because an increase in the fractional
excretion ofbicarbonate in alkalotic animals is due to a decrease in tubularhydrogen
ion secretion, it appears that hydrogen ion secretion may be decreased aspart ofthe
compensatory response when this is appropriate, but that it may not be increased
above the levels reached in experimental metabolic acidosis.
The possible role ofprostaglandins in inducing compensatory adaptation after
contralateral renal exclusion was discussed extensively, but no agreement was
reached on possible conclusions. Data presented by J.H. Dirks and N.L.M. Wong
suggest thatprostaglandins mayplay a role in the depression oftheproximal tubular
sodium reabsorption occurring immediately after contralateral clamping in dogs.
This response was abolished in animals continuously infused withprostaglandins E2
or A2, but also in animals pretreated with indomethacin. Compensatory adaptation
ofthe whole kidneyfractional excretion ofsodium, on the other hand, was abolished
by theprostaglandins but only blunted by indomethacin.
These observations could indicate that a release ofprostaglandinsfrom either the
clamped kidney or, more likely, from the remaining kidney, couldplay a role in
inducing the adaptive diuresis, since compensatory adaptation ofsodium excretion
was prevented bypresumably maximalprior stimulation ofprostaglandin receptors
in the animals infused withprostaglandins, or bypreventingprostaglandin synthesis
with indomethacin. In contrast to thesefindings, J. Diezi stated thatpretreatment of
anesthetized rats with large doses ofindomethacin did not interfere with compensa-
tory adaptation. On the other hand, a possible role ofprostaglandins in inducing
compensatory adaptation does not appear to be directly tubular: J.H. Dirks and
N.L.M. Wongfoundthat anothervasodilatoragent, acetylcholine, also abolishedthe
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compensatory decrease in proximal tubular reabsorption, and the compensatory
increase infractional excretion of sodium, but did not abolish the compensatory
increase in the excretion ofpotassium.
R. W. Schrier suggested that either the sympathetic nervous system, or catechola-
mines, or, finally, the renin-angiotensin system couldplay a role in compensatory
adaptation. However, it was stated by J.-P. Guignard that propranolol did not
interfere with compensatory adaptation in rabbits. Similarly,J. Diezi found that
alpha-adrenergic blocking agents had no influence on compensatory adaptation in
rats. J.-P. Guignard tried, unsuccessfully, to block compensatory adaptation by
infusing saralasin. These experiments, however, were not conclusive because sarala-
sin usually inducedafallinbloodpressure. Another argument against a major role of
the renin-angiotensin system is the old observation (G. Peters, H.P. Brunner,
F. Gross: Nephron 1:295-309, 1964) offull compensatory adaptation ofsodium and
water excretion in both the unclamped renin-depleted, and the clamped renin-
enriched, kidneys ofrats with two-kidney Goldblatt hypertension when the contra-
lateral organ was removed (G. Peters).
J. Diezi, responding to a question by B.M. Brenner, argued that the datafrom his
experiments on the rat suggest that changes in transtubular hydrostatic or colloid-
osmoticpressuregradients cannot accountfor the compensatory decrease in sodium
and water reabsorption in the remaining kidney(s)? (B.M. Brenner). Hydrostatic
pressure gradients or peritubular protein concentrations were not, however, mea-
sured in rabbits or dogs. In these latter species, however, glomerular filtration
fractions tendedto increase inremaining kidneys, a change which wouldbe expected
to increase rather than todepressproximal tubularsodium reabsorption (J.H. Dirks,
J.-P. Guignard). The absence ofa rise in intratubularpressure at constant nephron
glomerularfiltration rate(NGFR) andwith diminishedproximal tubular sodium and
waterreabsorption (N. Bank) in J. Diezi's experimentspoints to a change in tubular
geometry in eitherproximal tubules or lower nephron segments. Many explanations
can be offeredfor theabsenceofa riseinperitubular capillary hydrostaticpressure in
spite ofan increase in renal arterialpressure in the same experiments (N. Bank).
Thefact that the clearanceofp-amino-hippurate in theremaining kidney tendedto
fall during compensatory adaptation in the experiments of J.H. Dirks and
J.-P. Guignardin thedog, but didnot showany consistent changes in the experiments
of J. Diezi in the rat may have been due to species differences or different
experimental conditions.
Responding to a question by J.P. Hayslett, J. Diezi stated that after contralateral
renal exclusion, there is a considerable decrease in early distalTF/P inulin in rats
which underlines thefact thatfullcompensatory adaptation requires a depression of
sodium reabsorption, not only in proximal convoluted tubules, but also in lower
nephron segments.
SYNOPSIS
Exclusion of one kidney in rats or dogs by either nephrectomy, clamping of the
renalpedicle, or ligationofthe ureter does not inducean immediate rise in GFR or in
single nephron GFR in the remaining kidney, but consistently and immediately
results in depression of tubular sodium and water reabsorption. Only in saline-
infused rabbits does an increase (of 16 percent) in remaining kidney GFR occur
within 60min ofunilateralnephrectomy. The veryfirst andmost consistent response
in theremaining kidney is a depression ofsodium and water reabsorptionfrom the
proximal convoluted tubules which, in dogs, appears to be abolished by prior
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infusion ofprostaglandins E2 or A2, acetylcholine, or indomethacin, but does not
appear to be affected by indomethacin in rats. Depression ofproximal tubular
sodium and water reabsorption, however, does not necessarily imply compensatory
diuresis and natriuresis. In many situations in the dog, there is a compensatory
decrease in proximal reabsorption in the absence of a compensatory increase in
urinary excretion ofsodium and water. A natriuretic anddiuretic response requires
the additional suppression of reabsorption in lower nephron segments which
otherwise are capable of reabsorbing the sodium and water escaping proximal
reabsorption. An actualparticipation oflowersegments in the compensatory diuretic
and natriuretic response has been demonstrated to occur in rats by J. Diezi and
collaborators but must be assumed to occur also in the other species investigated.
Under a host ofcircumstances, loss ofone kidney is notfollowed by natriuresis but
by kaliuresis from the remaining kidney. When this occurs, depressed sodium
reabsorption upstream from distal tubules may be assumed to have induced an
increased entry ofpotassium into distal tubularfluid.
Exclusion ofthe contralateral kidney not only enhances the urinary excretion rates
ofsodium, chloride, potassium and water, but also those ofcalcium, phosphate and
bicarbonate, i.e., ofurinary constituents which arepredominantly reabsorbedfrom
tubular fluid. The decreased reabsorption of bicarbonate, however, may reflect a
decreased secretion of hydrogen ions. In contrast, no compensatory adaptation
appears to occur for urinary constituents which are predominantly secreted into
tubularfluid, such as p-amino-hippurate and hydrogen ions.
The nature ofthe control mechanisms involved in inducing compensatory adapta-
tion after unilateral kidney exclusion remains a deep mystery. It has been demon-
strated beyond reasonable doubt that compensatory adaptative diuresis is not a
diuretic response to an expansion ofextracellularfluid volume due to the loss ofthe
excretoryfunction ofone kidney. It has also been shown that there are a number of
fundamental differences between the diuresis ofcompensatory adaptation andthat of
expansion. Circulatory changes, especially a transient increase in arterial and renal
perfusion pressures, do occur after exclusion of one kidney and the magnitude of
these changes may be underrated by the recording methods conventionally used.
However, prevention ofthe rise in bloodpressure results in the blunting, not in the
disappearance, of the compensatory response, i.e., in the depression ofproximal
reabsorption without natriuresis, or with kaliuresis instead ofnatriuresis. Further-
more, it has not been demonstratedthat ligation ofthe contralateral ureter entails the
same rise in bloodpressure as ligation ofthe renalpedicle. Finally, total renal blood
flow in the remaining kidney remains unchanged or may even slightlyfall during
compensatory adaptation and there is certainly no redistribution ofintrarenal blood
flow. There is no argument supporting a possible role for the renin-angiotensin
system in mediating compensatory adaptation while the evidence supporting the
involvement of the prostaglandins is still rather contradictory. Renal sympathetic
nerves do not appear to be involved, either in signaling the needfor compensatory
adaptation, or in inducing it in the remaining kidney. There is no evidence supporting
a possible role of circulating catecholamines. There are, however, no data on the
occurrence ofcompensatory adaptation after exclusion oflargeparts ofthe central
nervous system. Neither the hypophysis, nor the thyroid, nor theparathyroids, nor
the gonads appear to be involved in compensatory adaptation. The presence of
adrenal glucocorticosteroids is requiredfor compensatory adaptation to occur, but
glucocorticosteroids are not the humoral mediators ofdepressed sodium and water
reabsorptionfrom the remaining kidney.
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